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A b s t r a c t 

We provide syntact ic characterizations for a 
number of propos i t iona l model-based belief re
vision and update operators proposed in the 
l i te ra ture, as well as a lgor i thms based on these 
characterizat ions. 

1 I n t r o d u c t i o n 

In this paper, we provide syntact ic characterizations 
and a lgor i thms for a number of belief change operators 
proposed in the l i tera ture. We already characterized 
Wins le t t ' s 'possible models approach' ( P M A ) update op
erators in [del Va l , 1992b], where we explored in depth 
some of the operators in the P M A fami ly , provided al
gor i thms to compute them and exper imenta l ly showed 
tha t they could be of pract ical value for (smal l ) updates 
of qui te large databases. In this paper, we show how 
other operators can be characterized in a very s imi lar 
way, and show how to design a lgor i thms for comput
ing the result of app ly ing these operators to dis junct ive, 
negation and conjunct ive norma l f o rm ( D N F , N N F and 
C N F , respectively) databases, which return a database 
in the same fo rmat . 

The interest of these syntact ic characterizat ions goes 
beyond, we believe, the usefulness of the a lgor i thms that 
can be immed ia te ly derived f rom them. A l l the opera
tors we discuss are based on some not ion of m i n i m a l 
change, and the s imi lar i t ies among the various charac
ter izat ions we provide suggests tha t our techniques can 
be easily extended to other belief change operators based 
on th is not ion tha t m igh t be proposed in the fu ture. 
as well as to var iants of the operators discussed here 
(e.g. pr ior i t ized versions, as discussed in [del Val . 1992b; 
del Va l , 1993]). Because of their fo rma l nature and rel
at ive s impl ic i ty , the character izat ions could also prove 
useful for the design of improved a lgor i thms, fac i l i ta te 
proofs of their correctness, help ident i fy syntact ic re
str ic t ions w i th a posit ive impac t on complex i ty , and help 
define useful not ions of "approx imate belief change" (see 
also [del Va l , 1992a] on th is last po in t ) . 

Much AI work on belief change has taken as s ta r t ing 
po in t the " A G M approach" to belief revision proposed 
by A lchour ron , Gardenfors and Makinson [Alchourron et 
al . , 1985; Gardenfors, 1988]. Katsuno and Mendelzon 

[1991a] have recently suggested, however, t ha t at least 
two different belief change operat ions should be d is t in 
guished, revision and update. Loosely speaking, the for
mer says tha t the beliefs may have been wrong and in 
need of revision, whereas the la t ter says tha t the be
liefs were correct, but the wor ld has in the meanwhi le 
evolved and the beliefs must be updated. Bo th types 
of belief change have been characterized by re lat ion to 
some sets of propert ies or "postu lates" ( the A G M and 
the KM postulates, respectively). As shown by Katsuno 
and Mendelzon [1991b; 1991a], most A G M - l i k e revision 
operators are based on a "g loba l " order of preferences 
associated to each database, whi le al l ( K M ) update op
erators are based on a "po in twise" order in which each 
model of the database has an associated order ing. As 
we wi l l see, this d is t inc t ion is very d i rect ly reflected in 
our characterizat ions. In fact , except in the case of D N F 
databases, it has a direct impac t on the complex i ty of 
the a lgor i thms we present, an impac t which is d i rect ly re
lated to the fact that in revision some models of the or ig
inal database are pruned and fai l to "generate" any mod
els of the revised database. Th i s added complex i ty can 
however be substant ia l ly reduced for Horn databases. 

The structure of this paper is as fol lows. The f irst 
three sections of the paper are devoted to update oper
ators, by which we mean operators sat isfy ing the KM 
postulates; specifically, we consider Wins le t t ' s [1988] set 
inclusion based operator and Forbus' [1989] card ina l i ty 
based operator The fo l lowing sections discuss revision 
operators, by which we mean operators sat is fy ing at least 
the "basic" A G M postulates for revision ( tha t is, ( R l ) -
(K4) in the no ta t ion of [Katsuno and Mendelzon, 1991a]; 
in par t icu lar , they al l have the proper ty t ha t revised 
w i th equals whenever th is f o rmu la is satisf iable), 
specifically, we consider Dala l 's [1988a] card ina l i ty based 
approach and Satoh's [1988] set inclusion based proposal , 
as well as the proposals of [Weber, 1986] and [Borg ida, 
1985] Related work is discussed in the concluding sec
t ion . 

In the rest of the paper, we assume a propos i t iona l lan
guage w i t h a finite set V of symbols. Update operators 
are represented by and revision operators w i t h o, bo th 
possibly subscripted. always denotes the database and 

the update fo rmu la , bo th of which are assumed to be 
satisfiable. I f is in C N F or N N F , i t consists of clauses 
or top level conjuncts represents some 
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